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(54) Apparatus and method for detecting absolute position 



(57) A power steering apparatus (11) includes a mo- 

tor, a torque sensor (22), and a motor resolver. The mo- 
tor generates an assisting force to reduce the steering 
force of the steering wheel. The torque sensor (22) de- 
tects the steering torque of the steering wheel. The mo- 
tor resolver detects the rotational angle of the motor. An 
electronic control unit (ECU) detects the absolute posi- 
tion of the steering wheel based on a detection signal 
(Rt) sent from a second resolver (24) of the torque sen- 
sor (22) and a detection signal (Rm) sent from a motor 
resolver. As a result, the cost is reduced and the abso- 
lute position of the steering wheel is accurately detect- 
ed. 



Fig. 2 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an apparatus 5 
and a method for detecting the absolute position of a 
rotary body such as a steering wheel. 

[0002] An electric power steering apparatus, in which 
steering is assisted by an electric motor, has recently 
been proposed to reduce the steering force of a steering 
wheel of a vehicle. In controlling the electric power steer- 
ing apparatus, it is required to determine the absolute 
position (absolute steering angle) of the steering wheel. 

The steering wheel is rotated within the finite rotation 
number, which is more than or equal to one rotation. The 
absolute position of the steering wheel is the angle by 
which the steering wheel is rotated from the neutral po- 
sition. The neutral position is the position of the steering 
wheel at which the vehicle travels in a straight line. 

[0003] A steering sensor is used as a sensor for de- 
tecting the absolute position of a steering wheel. The 
steering sensor includes a slit plate and three sets of 
photo interrupters. The slit plate has several slits and is 
arranged on the steering wheel to rotate integrally with 
the steering wheel. The photo interrupters are secured 
to a steering column. Each set of photo interrupter in- 
cludes a light emitting diode and a photodetector, which 
face each other. The slit plate, which is inserted between 
the light emitting diode and the photodetector, is rotated 
so that the beam between the light emitting diode and 
the photodetector is selectively blocked and unblocked. 
Accordingly, the photodetector sends out signals. 

[0004] Two sets of photo interrupters detect the 
number of rotation and the rotational direction of the slit 
plate. The remaining one set of photo interrupters de- 
tects the neutral position (reference position) of the 
steering wheel in one rotation. Output signals are, for 
example, sent to a control unit such as an electronic con- 
trol unit (ECU) mounted on a vehicle. 

[0005] The steering wheel can generally be rotated 
more than one rotation (360 degrees). The steering 
wheel is, for example, rotated two rotations (720 de- 
grees) to the left and two rotations (720 degrees) to the 
right starting from the neutral position. Thus, even when 
a signal representing the neutral position is sent from 
one set of photo interrupter used for detecting the refer- 
ence position, it is not clear how many times the steering 
wheel has been rotated. Therefore, it is impossible to 
detect an accurate absolute position of the steering 
wheel only by using the detection signals from the steer- 
ing sensor 

[0006] Also, the accurate absolute position of the 
steering wheel cannot be detected immediately after an 
ignition switch is turned on. When a vehicle starts 
traveling and one set of photo interrupters detects the 
neutral position, the control unit detects the number of 
rotation and the rotational direction of the steering wheel 
from the neutral position based on the output signal from 



the first set of photo interrupter and the output signals 
from the other two sets of photo interrupters. However, 
the neutral position detected immediately after the igni- 
tion switch is turned on does not show how many times 
the steering wheel has been rotated. Thus, the accurate 
absolute position is detected based on output signals 
from the three sets of photo interrupters, and the detec- 
tion signals from the vehicle speed sensor and the yaw 
rate sensor after the vehicle travels further. The control 
unit of the vehicle, which uses the absolute position as 
a parameter, is operated based on the detected abso- 
lute position. 

[0007] It is desired to reduce the cost for detecting the 
absolute position of the steering wheel. However, the 
steering sensor that has the above mentioned compli- 
cated structure must be used for detecting the absolute 
position of the steering wheel. The above described pri- 
or art steering sensor requires the vehicle to travel a cer- 
tain distance from when the ignition switch is turned on 
until the sensor detects the accurate absolute position. 
Thus, the steering sensor cannot detect the absolute po- 
sition in earlier stage. 

[0008] The electric motor located in the electric power 
steering apparatus includes a motor resolver, which de- 
tects the rotational angle of the motor. The electric pow- 
er steering apparatus includes a torque sensor, which 
has a resolver for detecting the steering torque of the 
steering wheel. The motor resolver and the torque sen- 
sor send resolver signals, or rotational angle signals. 
Thus, it is considered that detection of the absolute po- 
sition using these signals will reduce the cost. However, 
even when the absolute position is detected using the 
resolver signals from the motor resolver, it is difficult to 
specify the absolute position of the steering wheel since 
the position of the rotor is specified by the electrical de- 
gree within one cycle only. 

[0009] The resolver, which is located in the torque 
sensor, detects the torsion of a torsion bar. The torsion 
bar is incorporated in a pinion shaft, which is coupled to 
the steering wheel. However, since several signals are 
sent out in one rotation of the steering wheel, it is not 
clear what signal numberfrom the neutral position of the 
steering wheel is detected. 

[0010] Therefore, the absolute position of thesteering 
wheel cannot be detected using the signals sent from 
each resolver independently. 

SUMMARY OF THE INVENTION 

[001 1 ] Accordingly, it is an objective of the present in- 
vention to provide an apparatus and a method for accu- 
rately detecting the absolute position of the steering 
wheel at low cost. 

[001 2] To achieve the above objective, the present in- 
vention provides an apparatus for detecting the absolute 
rotational position of a steering wheel. The steering 
wheel is coupled to a power steering apparatus. The 
power steering apparatus has a motor, which generates 
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an assisting force to reduce the steering force of the vantages thereof, may best be understood by reference 
steering wheel. The motor is controlled in accordance to the following description of the presently preferred 

with the steering torque of the steering wheel and the embodiments together with the accompanying drawings 

rotational angle of the motor. The detecting apparatus in which: 
includes a first detector, a second detector, and a com- 5 

puter. The first detector generates a periodic first detec- Fig. 1 is a front view, with a part cut away, illustrating 

tion signal in accordance with rotation of the steering an electric power steering apparatus according to a 

wheel. The first detection signal is used for detecting the first embodiment of the present invention ; 

steering torque of the steering wheel. The second de- Fig. 2 is a partial cross-sectional view mainly illus- 

tector generates a periodic second detection signal in io trating a torque sensor located on the electric power 

accordance with rotation of the motor. The second de- steering apparatus shown in Fig. 1 ; 

tection signal is used for detecting the rotational angle Fig. 3 is a partial cross-sectional view illustrating a 

of the motor. The cycle of the second detection signal first resolver located in the torque sensor shown in 

differs from the cycle of the first detection signal. A level Fig. 2; 

difference, which is the difference between the level of is Fig. 4 is an electric circuit of the first resolver shown 

the first detection signal and the level of the second de- in Fig. 3; 

tection signal, varies in accordance with rotation of the Fig. 5 is a partial cross-sectional view illustrating an 

steering wheel. The computer in advance stores char- electric motor located in the electric power steering 

acteristic information regarding the variation of the level apparatus shown in Fig. 1 ; 

difference, which varies in accordance with rotation of 20 Fig. 6 is a block diagram illustrating the electric con- 

the steering wheel. The computer calculates the abso- figuration of an absolute position detecting appara- 

lute rotational position of the steering wheel based on tus according to the first embodiment; 

the current level difference and the characteristic infor- Fig. 7 is aflowchart illustrating the position detecting 

mation. procedure performed by the absolute position de- 

[0013] The present invention also provides a method 25 tecting apparatus shown in Fig. 6; 

for detecting the absolute rotational position of a steer- Fig. 8(a) is a time chart illustrating a waveform of 

ing wheel. The steering wheel is coupled to a power detection signals sent from a second resolver locat- 

steering apparatus. The power steering apparatus has ed in the torque sensor shown in Fig. 2; 

a motor, which generates an assisting force to reduce Fig. 8(b) is a time chart illustrating a waveform of 

the steering force of the steering wheel. The motor is 20 detection signals sent from the motor resolver 

controlled in accordance with the steering torque of the shown in Fig. 5; and 

steering wheel and the rotational angle of the motor. The Fig. 8(c) is a time chart illustrating difference be- 

method includes: generating a periodic first detection tween the detection signals sent from the second 

signal in accordance with rotation of the steering wheel, resolver in Fig. 2 and the motor resolver in Fig. 5. 

wherein the first detection signal is used for detecting 25 

the steering torque of the steering wheel; generating a DETAILED DESCRIPTION OF THE PREFERRED 
periodic second detection signal in accordance with ro- EMBODIMENTS 

tation of the motor, wherein the second detection signal 

is used for detecting the rotational angle of the motor, [0016] An electric power steering apparatus 11 ac- 

wherein the cycle of the second detection signal differs *o cording to a preferred embodiment of the present inven- 
from the cycle of the first detection signal, and wherein tion will now be described with reference to Figs. 1 to 8 

a level difference, which is the difference between the (c). 

level of the first detection signal and the level of the sec- [001 7] Fig. 1 shows the electric power steering appa- 

ond detection signal, varies in accordance with rotation ratus 11 . The electric power steering apparatus 11 in- 

of the steering wheel; and computing the absolute rota- *s eludes a hollow cylindrical first rack housing 1 2, a hollow 
tional position of the steering wheel based on charac- cylindrical second rack housing 13, and a hollow cylin- 

teristic information regarding the variation of the level drical motor housing 14, which is coaxially coupled to 

difference, which varies in accordance with rotation of the first and second rack housings 12, 13. The first rack 

the steering wheel, and the current level difference. housing 12 has a mounting portion 15. The electric pow- 

[0014] Other aspects and advantages of the invention so er steering apparatus 11 is secured to a vehicle body, 
will become apparentfrom the following description, tak- which is not shown, via the mounting portion 15 using 
en in conjunction with the accompanying drawings, il- screws. 

lustrating by way of example the principles of the inven- [0018] A pinion housing 17, which has a pinion shaft 

tion. 1 6, is joined to the first rack housing 12. The pinion shaft 

55 16 is coupled to a steering shaft 18a, which extends from 

BRIEF DESCRIPTION OF THE DRAWINGS a steering wheel 1 8. The pinion shaft 16 rotates integral- 

ly with the steering wheel 1 8. 

[0015] The invention, together with objects and ad- [0019] As shown in Fig. 2, the pinion shaft 16 has an 
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input shaft 16a and an output shaft 16b, which are co- 
axial. The input shaft 1 6a is coupled to the steering shaft 
18a and a pinion gear 16c is arranged on the output 
shaft 1 6b. The pinion shaft 1 6 is supported by the pinion 
housing 1 7 with bearings 1 9a, 1 9b. The pinion shaft 1 6 5 

rotates relative to the pinion housing 17. 

[0020] The input shaft 16a and the output shaft 16b 
accommodate a torsion bar 20. The input shaft 16a is 
coupled to the output shaft 16b by the torsion bar 20 
such that the input shaft 16a rotates integrally with the 
output shaft 16b. A first end of the torsion bar20 is joined 
with the input shaft 1 6a by a pin 21 . A second end of the 
torsion bar 20 is joined with the output shaft 16b by 
splines. The torsion bar 20 generates elasticity in the 
direction of the torsion when the input shaft 1 6a is rotat- 
ed relative to the output shaft 1 6b. The input shaft 1 6a 
corresponds to a first rotary shaft and the output shaft 
16b corresponds to a second rotary shaft. 

[0021 ] A torque sensor 22 is arranged about the input 
shaft 16a and the output shaft 16b. The torque sensor 
22 has a first resolver 23, which corresponds to the input 
shaft 1 6a, and a second resolver 24, which corresponds 
to the output shaft 16b. 

[0022] As shown in Fig. 3, the first resolver 23 in- 
cludes a first to fourth yokes 51 , 52, 53, and 54, and a 
first to fourth coils 55, 56, 57, and 58. The first yoke 51 
is annular and formed along the inner circumference of 
the pinion housing 17. The first yoke 51 is secured to 
the pinion housing 17. The first coil 55 is wound about 
the first yoke 51 . The second yoke 52 is annular and is 
secured to the outer circumference of the input shaft 1 6a 
to face the first yoke 51 . The second yoke 52 rotates 
integrally with the input shaft 1 6a. The second coil 56 is 
wound about the second yoke 52. 

[0023] The third yoke 53 is annular and is secured to 
the outer circumference of the input shaft 1 6a adjacent 
to the second yoke 52. The third yoke 53 rotates inte- 
grally with the input shaft 1 6a. The third coil 57 is wound 
about the third yoke 53. As shown in Fig. 4, the third coil 
57 includes two types of coils, the phases of which are 
displaced by 90 degrees. The third coil 57 is connected 
to the second coil 56. The fourth yoke 54 is annular and 
is secured to the inner circumference of the pinion hous- 
ing 1 7 opposite to the third yoke 53. The fourth coil 58 
is wound about the fourth yoke 54. The fourth coil 58 
also includes two types of coils, the phases of which are 
displaced by 90 degrees. 

[0024] The second resolver 24 will now be described. 

The second resolver 24 has substantially the same 
structure as the first resolver 23. Therefore, only the dif- 
ferences from the first resolver 23 will be described with 
reference to Fig. 3. 

[0025] Like the first resolver 23, the second resolver 
24 includes first to fourth yokes 51 , 52, 53, and 54, and 
first to fourth coils 55, 56, 57, and 58. In contrast to the 
first resolver 23, which is located between the pinion 
housing 1 7 and the input shaft 1 6a, the second resolver 
24 is located between the pinion housing 1 7 and the out- 



put shaft 16b. 

[0026] A method for detecting the steering torque us- 
ing the first and the second resolvers 23, 24 will now be 
described with reference to Fig. 4. 

[0027] When the steering wheel 1 8 is steered and the 
input shaft 1 6a is rotated by a rotational angle 61 , an 
alternating current El is applied to the first coil 55. A 
magnetic flux is generated in the first yoke 51 and the 
second yoke 52 in accordance with the voltage. The 
magnetic flux induces an alternating current in the sec- 
ond coil 56. Since the second coil 56 is connected to the 
third coil 57, the magnetic flux also induces an alternat- 
ing current in the third coil 57. Since the third coil 57 
includes two types of coils, the phases of which are 90 
degrees displaced, two kinds of alternating currents, the 
phases of which are 90 degrees displaced, are induced 
in the third coil 57. The alternating currents generated 
in the third coil 57 also induce two types of alternating 
currents E2, E3 having different phases in the fourth coil 
58, which has two types of coils. The alternating currents 
E2, E3 satisfy the following equations (a) and (b). 

E2 = k • El x cos0 (a) 



E3 = k • El x sine (b) 

[0028] In the above equations, k represents the pro- 
portion of the voltage transformation. The angle 6 is ob- 
tained from the above equations (a) and (b). The angle 
0 is the rotational angle 01 of the input shaft 16a. 
[0029] On the other hand, when the input shaft 1 6a is 
rotated as the steering wheel 18 is steered, the output 
shaft 1 6b, which is coupled to the input shaft 1 6a by the 
torsion bar 20, is also rotated. The rotational angle 02 
of the output shaft 1 6b is also obtained by the equations 
(a) and (b) based on output signals, which are the alter- 
nating currents E2, E3, from the second resolver 24, 
which corresponds to the output shaft 16b. 

[0030] When the input shaft 1 6a and the output shaft 
16b are rotated, the torsion bar 20 is twisted. This gen- 
erates a relative rotational angle difference A0 (01 - 02) 
between the input shaft 16a and the output shaft 16b. 
As a result, the steering torque is obtained from the rel- 
ative rotational angle difference A0, which is the twist 
angle of the torsion bar 20, and the rigidity of the torsion 
bar 20. 

[0031] A conventional assist control for assisting the 
steering force of the steering wheel 18 is performed by 
controlling the electric motor 39 in accordance with the 
steering torque. Accordingly, the steering wheel 18 is 
steered in a suitable manner. 

[0032] As shown in Figs. 1 and 5, a cylindrical body, 
which is structured with the first rack housing 12, the 
second rack housing 13, and the motor housing 14 ac- 
commodate a rack shaft 27. The rack shaft 27 axially 
moves in the cylindrical body but does not rotate relative 
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to the cylindrical body. Left and right front wheels are 
coupled to the ends of the rack shaft 27 by tie-rods, 
which are not shown. A rack 27b is formed on the rack 
shaft 27 as shown in Fig. 2. The rack 27b meshes with 
the pinion gear 16c of the pinion shaft 16. The pinion 5 
gear 1 6c and the rack 27b form a rack-and-pinion mech- 
anism. 

[0033] As shown in Fig. 5, a stator 29, about which a 
coil is wound, is fitted in the inner circumference of the 
motor housing 14. A hollow cylindrical motor shaft 28 is 
coaxially located about the rack shaft 27 at the axially 
middle portion of the rack shaft 27. 

[0034] A permanent magnet 37 is secured to the outer 
circumference of the motor shaft 28. The motor shaft 28 
is supported by the motor housing 14 via first and sec- 
ond bearings 30, 31. 

[0035] A ball screw nut 36 is fitted in the end of the 
motor shaft 28. A spiral ball screw groove 36a is formed 
on the inner circumferential surface of the ball screw nut 
36. A spiral ball screw groove 27a is formed on the outer 
circumferential surface of the rack shaft 27. Several 
balls (not shown) are accommodated between and ro- 
tate relative to the ball screw groove 27a and the bail 
screw groove 36a. The ball screw grooves 27a and 36a 
constitute a ball screw mechanism. The ball screw 
mechanism converts the normal/reverse rotational 
torque of the motor shaft 28 to the moving force (assist 
force) of the rack shaft 27 in the axial direction. The as- 
sist force reduces the steering force of the steering 
wheel 1 8 via the pinion shaft 1 6. The motor shaft 28, the 
stator 29, and other components constitute the electric 
motor 39. The electric motor 39 is controlled in accord- 
ance with the rotation of the steering wheel 1 8. 

[0036] A motor resolver 41 , which functions as a ro- 
tational angle sensor, is located about the motor shaft 
28. The motor resolver 41 has substantially the same 
structure as the first resolver 23. Therefore, only the dif- 
ferences from the first resolver 23 will be described with 
reference to Fig. 3. 

[0037] Like the first resolver 23, the motor resolver 41 
includes first to fourth yokes 51 , 52, 53, and 54, and first 
to fourth coils 55, 56, 57, and 58. The motor resolver 41 
is located between the motor housing 14 and the motor 
shaft 28. 

[0038] A method for detecting the rotational angle 
(hereinafter, referred to as a motor rotational angle) of 
the motor shaft 28 will now be described. 

[0039] When the motor shaft 28 is rotated by a certain 
rotational angle, an alternating current El is applied to 
the first coil 55. A magnetic flux is generated in the first 
yoke 51 and the second yoke 52 in accordance with the 
voltage. The magnetic flux induces an alternating cur- 
rent in the second coil 56. Since the second coil 56 is 
connected to the third coil 57, the magnetic flux also in- 
duces an alternating current in the third coil 57. The al- 
ternating current generated in the third coil 57 induces 
alternating currents E2, E3 in the fourth coil 58. The mo- 
tor rotational angle is obtained by the following equa- 



tions (a) and (b) based on the alternating current El ap- 
plied to the motor resolver 41 and the alternating cur- 
rents E2, E3 sent from the fourth coil 58. The motor ro- 
tational angle is used for several controls in the electric 
power steering apparatus 11 . 

[0040] An absolute position detecting apparatus of 
the steering wheel 18 in the electric power steering ap- 
paratus 1 1 will now be described with reference to Fig. 6. 
[0041] As shown in Fig. 6, the second resolver 24 of 
the torque sensor 22 and the motor resolver 41 are elec- 
trically connected to a computer, which is an electronic 
control unit 43 (hereinafter, referred as ECU 43) in the 
preferred embodiment. The absolute position detecting 
apparatus includes the second resolver 24, the motor 
resolver 41 , and the ECU 43. The second resolver 24, 
which functions as a first detector, sends a detection sig- 
nal Rt (first detection signal) to the ECU 43. The detec- 
tion signal Rt corresponds to the rotational angle of the 
output shaft 16b of the pinion shaft 16. The motor re- 
solver 41 , which functions as a second detector, sends 
a detection signal Rm (second detection signal) to the 
ECU 43. The detection signal Rm corresponds to the 
rotational angle of the motor shaft 28. The detection sig- 
nal Rt correspond to the alternating current (E2 or E3) 
sent from the fourth yoke 54 of the second resolver 24. 
The detection signal Rm correspond to the alternating 
current (E2 or E3) sent from the fourth coil 58 of the mo- 
tor resolver 41 . In the preferred embodiment, the detec- 
tion signals Rt, Rm correspond to the alternating current 
E2 shown in Fig. 4. The alternating current E3 may also 
be used as the detection signals Rt, Rm. 

[0042] The ECU 43 detects the absolute position of 
the steering wheel 1 8 based on the detection signals Rt, 
Rm. The absolute position represents how much the 
steering wheel 18 is turned from the neutral position. 
The neutral position is the position of the steering wheel 
1 8 when the front wheels are arranged such that the ve- 
hicle travels in a straight line. 

[0043] A method for detecting the absolute position of 
the steering wheel 18 will now be described. 

[0044] In the preferred embodiment, the rotational 
range of the steering wheel 1 8 is plus or minus 1 .0 ro- 
tation (plus or minus 360 degrees). The rotational angle 
of the steering wheel 1 8 is zero degrees when the steer- 
ing wheel 1 8 is located at the neutral position. The clock- 
wise rotational position from the neutral position is rep- 
resented by a positive rotational angle and the anti- 
clockwise rotational position from the neutral position is 
represented by a negative rotational angle. 

[0045] Fig. 8(a) is a time chart showing the fluctuation 
of the voltage level of the detection signal Rt sent from 
the second resolver 24 with respect to the rotational an- 
gle of the steering wheel 18. Fig. 8(b) is a time chart 
showing the fluctuation of the voltage level of the detec- 
tion signal Rm sent from the motor resolver 41 with re- 
spect to the rotational angle of the steering wheel 18. 
The detection signals Rt, Rm are periodical saw tooth 
waveform signals. The peak value (full scale value) of 
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the voltage level of both detection signals Rt, Rm are 
represented by FS. As the steering wheel 18 is rotated 
clockwise, the level of each detection signal Rt, Rm 
changes in a cycle in which the level gradually changes 
from zero to the peak value FS and then rapidly decreas- 5 
es to zero. In contrast, as the steering wheel 1 8 is rotat- 
ed anticlockwise, the level of each detection signal Rt, 

Rm changes in a cycle in which the level rapidly changes 
from zero to the peak value FS and then gradually de- 
creases to zero. Portions where the level of the detec- 
tion signals Rt, Rm gradually change are referred to as 
gradual change portions and portions where the level of 
the detection signals Rt, Rm rapidly change are referred 
to as rapid change portions. 

[ 0046 ] In the preferred embodiment, the number of 
cycles Tt of the detection signal Rt sent from the second 
resolver 24 while the steering wheel 1 8 is rotated once 
is thirty-two. The number of cycles Tml of the detection 
signal Rm sent from the motor resolver 41 while the mo- 
tor shaft 28 is rotated once is four. 

[ 0047 ] Also, in the preferred embodiment, the move- 
ment distance S by which the rack shaft 27 moves dur- 
ing one rotation of the steering wheel 18 is 50mm. The 
movement distance S is referred to as the stroke per 
rotation S of the rack-and-pinion mechanism. The lead 
L of the ball screw grooves 27a of the rack shaft 27 and 
the ball screw grooves 36a of the motor shaft 28 per one 
rotation is 6.17mm. Therefore, while the rack shaft 27 
moves 50mm, the motor shaft 28 rotates 8.1 (S/L = 
50/6.17 = 8.1) rotation. This indicates that the motor 
shaft 28 rotates 8.1 rotation during one rotation of the 
steering wheel 18. Thus, the number of cycles Tm2 of 
the detection signal Rm sent from the motor resolver 41 
during one rotation of the steering wheel 1 8 is 32.4 (Tml 
x 8.1 = 4 x 8.1 =32.4). 

[ 0048 ] As a result, the difference between the number 
of cycles Tt of the detection signal Rt sent from the sec- 
ond resolver 24 and the number of cycles Tm2 of the 
detection signal Rm sent from the motor resolver 41 dur- 
ing one rotation of the steering wheel 18 is 0.4 (32.4 - 
32 =0.4). That is, the cycle of the detection signal Rt 
differs from the cycle of the detection signal Rm. 

[0049] The difference between the cycle of the detec- 
tion signal Rt and the cycle of the detection signal Rm 
is shown in Fig. 8(C) as a cyclic difference I. As shown 
in Figs. 8(a), 8(b), and 8(c), the position of the steering 
wheel 18 when the rapid change portions of the detec- 
tion signals Rt, Rm coincide with each other is set as 
the neutral position. In other words, the rotational angle 
of the steering wheel 1 8 when the rapid change portions 
of the detection signals Rt, Rm coincide with each other 
is set as zero degrees. As the steering wheel 18 is 
steered clockwise or anticlockwise from the neutral po- 
sition, the cyclic difference I is accumulated. Therefore, 
as the rotational angle of the steering wheel 18 sepa- 
rates from zero degrees, the difference between the ro- 
tational angles of the steering wheel 18 at the rapid 
change portions of the detection signal Rtand at the rap- 



id change portions of the detection signal Rm increases. 
[ 0050 ] Fig. 8(c) is a time chart showing the fluctuation 
of the voltage level difference (Rm - Rt) of the detection 
signals Rt, Rm with respect to the rotational angle of the 
steering wheel 1 8. When the steering wheel 1 8 is rotat- 
ed between the rotational angle of zero degrees and 
plus 360 degrees, the cyclic difference I causes a por- 
tion K1 where the voltage level difference (Rm - Rt) rap- 
idly decreases. The portion K is hereinafter referred to 
as the falling edge. When the steering wheel 1 8 is rotat- 
ed between the rotational angle of zero degrees and mi- 
nus 360 degrees, the cyclic difference I causes a portion 
K 2 where the voltage level difference (Rm - Rt) rapidly 
increases. The portion K2 is hereinafter referred to as 
the rising edge. The falling edge K1 and the rising edge 
K 2 appear corresponding to the angle range between 
the rotational angle of the steering wheel 1 8 at the rapid 
change portion of the detection signal Rt and the rota- 
tional angle of the steering wheel 18 atthe rapid change 
portion of the detection signal Rm. The width of the fall- 
ing edge K1 and the rising edge K2 in the direction of 
the horizontal axis is exaggerated to facilitate under- 
standing. 

[ 0051 ] The inclination of the gradual change portions 
of the detection signals Rt, Rm differ from each other. 
As a result, when the steering wheel 18 is rotated from 
the rotational angle of zero degrees to the rotational an- 
gle of plus 360 degrees, the voltage level difference (Rm 
- Rt) gradually increases from zero except at the falling 
edge K1 . When the steering wheel 18 is rotated from 
the rotational angle of zero degrees to the rotational an- 
gle of minus 360 degrees, the voltage level difference 
(Rm - Rt) gradually decreases from zero except at the 
rising edge K2. 

[ 0052 ] When the rotational angle of the steering wheel 
18 is plus 360 degrees, the level of the detection signal 
Rt is zero (see Fig. 8(a)). The level of the detection sig- 
nal Rm is obtained by multiplying the peak value FS of 
the detection signal Rm by the difference in the number 
of cycles (Tm2 - Tt), which is 0.4. Suppose that the peak 
value FS of the detection signals Rt, Rm is 256. When 
the rotational angle of the steering wheel 1 8 is plus 360 
degrees, the level of the detection signal Rm is 102.4 
(256 x 0.4 = 102.4). Therefore, as shown in Fig. 8(c), 
the voltage level difference (Rm - Rt) when the rotational 
angle of the steering wheel 18 is plus 360 degrees is 
1 02.4 (1 02.4 - 0 = 1 02.4). On the other hand, the voltage 
level difference (Rm - Rt) when the rotational angle of 
the steering wheel 18 is minus 360 degrees is minus 
102.4. 

[0053] Therefore, when the rotational angle of the 
steering wheel 18 changes from zero to plus 360 de- 
grees, the voltage level difference (Rm - Rt) gradually 
(linearly) increases from zero to 1 02.4 except at the fall- 
ing edge K1 . Also, when the rotational angle of the steer- 
ing wheel 18 changes from zero degrees to minus 360 
degrees, the voltage level difference (Rm - Rt) gradually 
(linearly) decreases from zero to minus 102.4 except at 
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the rising edge K 2. 

[0054] Hereinafter, the absolute value of the voltage 
level difference (Rm - Rt) when the rotational angle of 
the steering wheel 18 is plus or minus 360 degrees is 
referred to as the criterion difference ARs. The criterion 5 
difference ARs is stored in the ECU 43 in advance and 
is used for obtaining the absolute position (absolute ro- 
tational angle) of the steering wheel 1 8. 

[0055] The criterion difference ARs corresponds to 
the variation amount of the level difference (Rm - Rt) per io 
one rotation of the steering wheel 18. In other words, 
the criterion difference ARs corresponds to the informa- 
tion (characteristic information) regarding the variation 
of the level difference (Rm - Rt), which varies in accord- 
ance with the rotation of the steering wheel 1 8. 

[0056] That is, the absolute position (absolute rota- 
tional angle) 0 of the steering wheel 18 is obtained by 
the following equation (1) based on the current voltage 
level difference (Rm - Rt) and the criterion difference 
ARs except at positions corresponding to the falling 
edge K1 and the rising edge K2. As mentioned above, 
the criterion difference ARs is 1 02.4 and the peak values 
FS of the detection signals Rt, Rm are 256. 

0 = ((Rm - Rt) x 360) / ARs (1) 

[0057] The absolute value of the voltage level differ- 
ence (Rm - Rt) at the falling edge K1 and the rising edge 
K2 exceeds the criterion difference ARs, which is 102.4. 
Therefore, when the absolute value of the voltage level 
difference (Rm - Rt) exceeds 102.4 when the steering 
wheel 18 is within the allowable rotational angle range, 
which is between minus 360 degrees and plus 360 de- 
grees, it is determined that the steering wheel 1 8 is at a 
position corresponding to the falling edge K1 or the ris- 
ing edge K2. 

[0058] When the voltage level difference (Rm - Rt) is 
greater than 1 02.4, or when the steering wheel 1 8 is at 
a position corresponding to the rising edge K 2, the ab- 
solute position 0 of the steering wheel 1 8 is obtained by 
the following equation (2). In the equation (2), the tran- 
sition of the voltage level difference (Rm - Rt) shown in 
Fig. 8(c) is obtained ignoring the rising edge K2 by sub- 
tracting the peak value FS, which is 256, from the volt- 
age level difference (Rm - Rt). In other words, while the 
steering wheel 1 8 rotates between zero and minus 360 
degrees, the voltage level difference (Rm - Rt) gradually 
(linearly) changes between zero and minus 102.4. 

0 = ( (Rm - Rt - FS) X 360) / ARs (2) 

[0059] On the other hand, when the voltage level dif- 
ference (Rm - Rt) is less than minus 1 02.4, or when the 
steering wheel 18 is at a position corresponding to the 
falling edge K1, the absolute position 0 of the steering 
wheel 18 is obtained by the following equation (3). In the 



equation (3), the transition of the voltage level difference 
(Rm - Rt) shown in Fig. 8(c) is obtained ignoring the fall- 
ing edge K1 by adding the peak value FS, which is 256, 
to the voltage level difference (Rm - Rt). In other words, 
while the steering wheel 18 rotates between zero to plus 
360 degrees, the voltage level difference (Rm - Rt) grad- 
ually (linearly) changes between zero and plus 102.4. 

0 = ((Rm - Rt + FS) x 360) / ARs (3) 

[0060] The procedure executed by the ECU 43 to de- 
tect the absolute position of the steering wheel 18 will 
now be described with reference to a flowchart shown 
in Fig. 7. The routine shown in Fig. 7 is repeated every 
predetermined time period. 

[0061] In step S11 , the ECU 43 determines whether 
the absolute value of the voltage level difference (Rm - 
Rt) is less than or equal to the threshold value, or the 
criterion difference ARs, which is 102.4. If it is deter- 
mined that the absolute value of the voltage level differ- 
ence (Rm - Rt) is less than or equal to 102.4, the ECU 
43 determines that the value of the voltage level differ- 
ence (Rm - Rt) is neither the value at the falling edge 
K1 nor the value at the rising edge K2 and proceeds to 
step S12. In step S12, the ECU 43 obtains the absolute 
position 0 of the steering wheel 18 using the equation 
( 1 ). 

[0062] On the other hand, if it is determined that the 
absolute value of the voltage level difference (Rm - Rt) 
is greater than 102.4, the ECU 43 determines that the 
value of the voltage level difference (Rm - Rt) is one of 
the values at the falling edge K1 and the rising edge K2 
and proceeds to step SI 3. In step SI 3, the ECU 43 de- 
termines whether the voltage level difference (Rm - Rt) 
is greater than zero, that is, a positive value. If the volt- 
age level difference (Rm - Rt) is a positive value, the 
ECU 43 determines that the value of the voltage level 
difference (Rm - Rt) is the value at the rising edge K 2 
and proceeds to step SI 4. In step SI 4, the ECU 43 ob- 
tains the absolute position 0 of the steering wheel 18 
using the equation (2). 

[0063] On the other hand, if the voltage level differ- 
ence (Rm - Rt) is a negative value in step S13, the ECU 
43 determines that the value of the voltage level differ- 
ence (Rm - Rt) is the value at the falling edge K1 and 
proceeds to step SI 5. In step SI 5, the ECU 43 obtains 
the absolute position 0 of the steering wheel 18 using 
the equation (3). 

[0064] As described above, the ECU 43 detects the 
absolute position 0 of the steering wheel 18 with refer- 
ence to the neutral position using one of the equations 
(1 ) to (3) based on the detection signal Rt sent from the 
second resolver 24 and the detection signal Rm sent 
from the motor resolver 41 . 

[0065] The transition of the voltage level difference 
(Rm - Rt) shown in Fig. 8(c) is based on the mechanical 
structure of the electric power steering apparatus 11 ac- 
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cording to the preferred embodiment. The transition of 
the voltage level difference (Rm - Rt) is constantly ob- 
tained while the ignition switch of the vehicle is on. 
Therefore, the absolute position G of the steering wheel 
18 is detected in an early stage immediately after the 
ignition switch is turned on. 

[0066] The conventional assist control and the steer- 
ing wheel return control and the like are performed in a 
suitable manner based on the detected absolute posi- 
tion 0 of the steering wheel 1 8. 

[0067] The preferred embodiment provides the fol- 
lowing advantages. 

(1 ) The absolute position 0 of the steering wheel 1 8 
is detected based on the detection signal Rt sent 
from the second resolver 24 and the detection sig- 
nal Rm sent from the motor resolver 41 . The second 
resolver 24 is used for detecting the steering torque 
generated when the steering wheel 18 is rotated. 
The motor resolver 41 is used for detecting the ro- 
tational angle of the electric motor 39, which is driv- 
en in accordance with the rotation of the steering 
wheel 18. That is, the second resolver 24 and the 
motor resolver 41 are used as an apparatus for de- 
tecting the absolute position 0 of the steering wheel 
18 in addition to their original functions. Therefore, 
an additional steering sensor need not be located 
on the electric power steering apparatus 11 . Thus, 
the absolute position Bis detected in a suitable man- 
ner while reducing the cost. 

(2) The cyclic difference I between the number of 
cycles of the detection signal Rt and the detection 
signal Rm constantly occurs as the characteristic of 
the electric power steering apparatus 11, The pre- 
ferred embodiment utilizes the cyclic difference I to 
detect the absolute position 0 of the steering wheel 
18. Therefore, the absolute position 0 of the steering 
wheel 18 is detected at an early stage even imme- 
diately after the ignition switch is turned on. 

(3) As described in the background of the invention, 
the absolute position of the steering wheel 18 can- 
not be detected by only using one of the detection 
signal Rt sent from the second resolver 24 and the 
detection signal Rm sent from the motor resolver 
41 . In the preferred embodiment, the absolute po- 
sition of the steering wheel 1 8 is accurately and re- 
liably detected using both the detection signal Rt 
sent from the second resolver 24 and the detection 
signal Rm sent from the motor resolver 41 . 

(4) Assume that a detection signal sent from the first 
resolver 23 corresponding to the input shaft 1 6a is 
used i nstead of the detection signal Rt sent from the 
torque sensor 22, which is used for detecting the 
absolute position 0. Since the input shaft 1 6a is con- 
nected to the rack shaft 27 by the elastic member, 



which is the torsion bar 20, the absolute position 0 
need to be detected taking into consideration of the 
twist of the torsion bar 20 that is caused when turn- 
ing the steering wheel 18. On the other hand, the 
5 output shaft 1 6b of the pinion shaft 1 6 is connected 

to the motor shaft 28 without any elastic member. 
Since the preferred embodiment uses the detection 
signal sent from the second resolver 24, which cor- 
responds to the output shaft 16b, for detecting the 
io absolute position 0, the absolute position 0 is accu- 
rately and easily detected. 

[0068] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
is other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0069] In the preferred embodiment, the absolute po- 
20 sition 0 of the steering wheel 18 is indicated based on 
the neutral position, which is zero. However, the neutral 
position may be other than zero degrees. 

[0070] In the preferred embodiment the allowable ro- 
tational range of the steering wheel 18 is restricted to 
25 be plus or minus 1.0 rotation (plus or minus 360 de- 
grees). However, the range may be changed as re- 
quired. For example, the range may be plus or minus 
2.0 rotations. In this case, the threshold value used in 
step S11 of Fig. 7 is changed in accordance with the 
30 allowable rotational range of the steering wheel 1 8. 
[0071] The peak value (full scale value) FS, the rela- 
tive stroke S of the rack-and-pinion mechanism, the lead 
L of the ball screw groove 27a, and the number of cycles 
Tt,Tm1 ofthe detection signals Rt, Rm may be changed 
35 as required. 

[0072] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
40 and equivalence of the appended claims. 

[0073] A power steering apparatus includes a motor, 
a torque sensor, and a motor resolver. The motor gen- 
erates an assisting force to reduce the steering force of 
the steering wheel. The torque sensor detects the steer- 
45 ing torque of the steering wheel. The motor resolver de- 
tects the rotational angle ofthe motor. An electronic con- 
trol unit (ECU) detects the absolute position of the steer- 
ing wheel based on a detection signal Rt sent from a 
second resolver of the torque sensor and a detection 
so signal Rm sent from a motor resolver. As a result, the 
cost is reduced and the absolute position of the steering 
wheel is accurately detected. 



55 Claims 

1. An apparatus for detecting the absolute rotational 
position of a steering wheel, wherein the steering 
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wheel is coupled to a power steering apparatus, and first detector, 

the power steering apparatus has a motor, which 

generates an assisting force to reduce the steering 4. The detecting apparatus according to any one of 
force of the steering wheel, and wherein the motor claims 1 to 3, characterized In that the character- 



is controlled in accordance with the steering torque 
of the steering wheel and the rotational angle of the 
motor, the detecting apparatus characterized by: 

a first detector, which generates a periodic first 
detection signal in accordance with rotation of 
the steering wheel, wherein the first detection 
signal is used for detecting the steering torque 
of the steering wheel; 

a second detector, which generates a periodic 
second detection signal in accordance with ro- 
tation of the motor, wherein the second detec- 
tion signal is used for detecting the rotational 
angle of the motor, wherein the cycle of the sec- 
ond detection signal differs from the cycle of the 
first detection signal, and wherein a level differ- 
ence, which is the difference between the level 
of the first detection signal and the level of the 
second detection signal, varies in accordance 
with rotation of the steering wheel; and 
a computer, wherein the computer in advance 
stores characteristic information regarding the 
variation of the level difference, which varies in 
accordance with rotation of the steering wheel, 
and wherein the computer calculates the abso- 
lute rotational position of the steering wheel 
based on the current level difference and the 
characteristic information. 

2. The detecting apparatus according to claim 1 , char- 
acterized in that each of the first detector and the 
second detector is a resolver. 

3. The detecting apparatus according to claim 1 or 2, 
characterized in that the power steering appara- 
tus includes: 

a first rotary shaft coupled to the steering 
wheel; 

a second rotary shaft coaxially arranged with 
the first rotary shaft; 

a torsion bar coupling the second rotary shaft 
with the first rotary shaft; 
a first resolver, which generates a signal in ac- 
cordance with rotation of the first rotary shaft; 
and 

a second resolver, which generates a signal in 
accordance with rotation of the second rotary 
shaft, wherein the steering torque of the steer- 
ing wheel is obtained based on a signal sent 
from the first resolver and a signal sent from the 
second resolver, 

wherein the second resolver functions as the 



5 istic information includes the variation amount of the 
level difference per unit rotation of the steering 
wheel. 

5. The detecting apparatus according to any one of 
io claims 1 to 3, characterized in that, except when 
the steering wheel is located at particular rotational 
positions, the level difference gradually changes in 
accordance with rotation of the steering wheel. 

15 6. The detecting apparatus according to claim 5, char- 

acterized in that, when the steering wheel is at a 
predetermined reference position, the level differ- 
ence is zero, wherein, except when the steering 
wheel is located at the particular rotational posi- 
20 tions, the level difference gradually increases from 
zero in accordance with rotation of the steering 
wheel in one direction from the reference position 
and gradually decreases from zero in accordance 
with rotation of the steering wheel in the other di- 
25 rection from the reference position. 

7. The detecting apparatus according to claim 6, char- 
acterized In that the characteristic information in- 
cludes the absolute value of the level difference 

30 when the steering wheel is located at a predeter- 
mined rotational position that is apart from the ref- 
erence position. 

8. A method for detecting the absolute rotational posi- 
35 tion of a steering wheel, wherein the steering wheel 

is coupled to a power steering apparatus, and the 
power steering apparatus has a motor, which gen- 
erates an assisting force to reduce the steering 
force of the steering wheel, wherein the motor is 
40 controlled in accordance with the steering torque of 
the steering wheel and the rotational angle of the 
motor, the method characterized by: 

generating a periodic first detection signal in 
45 accordance with rotation of the steering wheel, 

wherein the first detection signal is used for de- 
tecting the steering torque of the steering 
wheel; 

generating a periodic second detection signal 
50 in accordance with rotation of the motor, where- 

in the second detection signal is used for de- 
tecting the rotational angle of the motor, where- 
in the cycle of the second detection signal dif- 
fers from the cycle of the first detection signal, 
55 and wherein a level difference, which is the dif- 

ference between the level of the first detection 
signal and the level of the second detection sig- 
nal, varies in accordance with rotation of the 
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steering wheel; and 

computing the absolute rotational position of 
the steering wheel based on characteristic in- 
formation regarding the variation of the level 
difference, which varies in accordance with ro- 5 
tation of the steering wheel, and the current lev- 
el difference. 
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